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0

Acoustic Doppler Current Profikcrs are presently employed by the U.S. Army in a number of

projects. However, as with most new techniques there have been several problems both with the

collection and the subsequent analysis of data. The main objective of this work is to improve the

accuracy of Acoustic Doppler Current Profilers by examining the existing survey techniques and

by developing computer software to process survey data. Two FORTRAN programs have been

developed during the contract period. One program is designed to combine data from arn external 0

differential global positioning system with data from an ADCP to give a more reliable discharge

measurement, and the second program is designed to in-fill gaps in records due to missing ADCP

velocity data. In order to test and develop the software, data was collected on the Columbia

. Rive.-, Washington. This document details the resulting software designed and briefly reports on

the fieldwork undertaken.
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0

* I. CONVERSION FACTORS FOR MEASUREMENT UNITS

Because of the parties involved in this research project, namely The University of Nottingham,

UK, and the United States Government, a table of conversion factors for Imperial and ST units

is given below:

FROM 10 MULTIPLY BY

lPiches (in) Millimetres (rmn) 25.4

Feet (ft) Metres (m) 0.3048

Square Feet (fl2) Square Metre.s. (inW) 0.0929

Cubic Feet (fW3) Cubic Metres (nil) 0.02832

Yards (yd) Metres (m) 0.9144

Miles (Mi) Kilometres (kn1) 1.609
S

Millimetres (mm) Inches ('in) 0-0394

Metres (m) Feet 10t 3.281

Square Metres (nA2) 8cluare Peel 6W.) 10.7639 6

Cubic Metres (mi) Cubic lFeet (fW.) 35.3147
Metres (m) Yards' (yd) 1.0936

Kilometres (kin) Miles (Mi) 0.621
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I!. LIST OF SYMBOLS

E Corrected Easting 0

N Corrected Northing
e GPS Easting
n GPS Northing
m Survey line gradient
c Survey line intercept

Local magnetic declination
p True ADCP direction
1 Measured ADCP direction
Vw Absolute water velocity
VD Boat velocity
V~ADC- ADCP measured water velocity
R ADCP range
D,, Ensemble depth
DAW11p ADCP transducer depth
0 ADCP transducer beam angle 0
U Velocity at height Z above bed
1U* Shear velocity
Z() Bottom roughness height
b Power Law exponent
at Non-ADCP parameters in the power law equation •

Q.P Top layer discharge
W Corrected ensemble width
Dm.b Blank depth
Qti Bin discharge
V Corrected velocity magnitude 0
a Survey line direction

SIt Bin size
*Q• Bottom layer discharge

"Qhr Near shore discharge
V. Nearest ensemble depth averaged velocity 0
L Distance to bank
D. Nearest ensemble depth
;X Vector cross product
h, Bin height
At Time elapsed during ensemble 0
'Ebo.. East velocity of the survey vessel
/Nh.., North velocity of the survey vessel

East velocity of the water
North velocity of the water
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IHl. LIST OF FIGURES

Plate 1. Test Site on Columbia River, Washington

Figure 1. 1 Location Map of Test Data Site, Bonneville Dam, Columbia River, Washington,

Figure 1.2 Measured veloeities i-'s); (a) 'Bottom-track' referenced and (b) GPS referenced
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1. INT'RODUCTION

Acoustic Doppler Current Profilers (ADCPs) are "state-of-the-art" instruments that

measure water velocities acoustically, in particular the Doppler effect. The Doppler effect is the

change in observed sound pitch that results from relative motion between a source and observer.

The major advantages of ADCPs over more traditional methods of river survey are their speed

of use, quality of data, resolution of measurement and their ability to be used onboard moving

vessels to measure river discharges (Didden, 1989)

However, due to their nature of operation ADCPs prodcce large quantities of data that

requires extensive post-survey processing in order to be converted into a usable format.

Additionally when being used onboard a moving vessel and under certain conditions (i.e. high

flows) their ability to "bottr'm-track" breaks down (Minchow et al., 1995). 'T"he ADCP records

the velocity of the channel bed as well as the water velocity and makes a correction for vessel •

motion during measurement. In order to overcome this "bottom-track" problem new survey

techniques and post-survey data processing software have been designed. The "bottom-track"

facility is replaced by an external Differential Global Positioning System (DGPS) to monitor and

record vessel motion.

During this study test data sets were collected using an ADCP in conjunction with a S

DGPS to measure water velocities and river discharge on the Columbia River, upstream and

downstream of the Bonneville Dam, Washington. GPSQ a DOS based FORTRAN computer

sOitware package was then developed to comb.i.e the data ies from -i th ADCP with the i

recorded from the DGPS.

In addition to the "bottom-track" problem, ADCP data can be prone to missing ensembles

in a given cross-section. These missing data give rise to accumulated errors in discharge and



* ' Ipositioning data when the ADCP is being used in a standard mode (i.e. without an external

DGPS). During this study a second DOS based FORTRAN program (ADCPFILL) was developed

to fill-in missing data.

A0

1

•* I

U

.22

i0

£4



2. PROJECT CHRONOGRAPHY

2.1 ITINERARY

18sT September 1995:

Mr Richardson and Prof Thome arrived in Vicksburg, Mississippi. After initial meetings

Mr Richardson began work at Waterways and met with Mike Trawle, Tim Fagerburg and

Thad Pratt to outline possible areas of concern with present ADCP data collection

techniques and analysis.

2 "' September to 30h September 1995:

Bottom-track errors were highlighted as a major problem in the ADCP river gauging

technique, and subsequently Mr Richardson began developing a method for calculating

discharge using a Differential Global Positioning System to replace bottom-track. He also

started designing general code for GPSQ software.

I' October to 14"' October 1995:

Field work in Washington, on Columbia River. Mr Richardson and Thad Pratt collected

sample data sets necessary for software development and refined survey methods for

collecting and logging DGPS data.

16t' October to 1' November 1995:

Mr Richardson and Thad Pratt returned to Vicksburg to refine and complete software

development for GPSQ. Problems of missing ADCP data in all ADCP applications became

apparent - ADCFFILL was designed to overcome this.

2" November 1995:

Mr Richardson returned to U.K.

3
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2.2 I)ATA ('CO1, 1, lIIN

IlII olcdr to "Vci coilW tie I inherent 6ottomi-track problerIm ,,ithin the Al)('P setu]p, an

alternative to bottoiii acking mnust be utilised to monitor boat motion An ideal alternative is a •

Dlifferential Global Positioning System ([GIPS). A DGPS achieves reasonable accuracy in
absolute position and it is also capable of greater precision when monitoring relative positions ori

velocity (1AP24', 1993)

A trial data set was collected on the Columbia River, Washington upstream and

downstream of the Bonneville D)am. Data was collected using an RDI Instruments ADCP with 0

an acoustic frequency of 600 ktlz in conjunction with a Trimble Navigations DGPS. A test data

set was needed for a number of reasons. First, it was necessary in order to develop the software

required tbr the subsequent corrections applied to the raw ADCP data. Second, the technique of

using a DGPS in conjunction with an ADCP for gauging discharge required verification. Finally,

a survey method for setting up and logging data from the DGPS was required.

-- .•,• ,~ . ...-.... .. ...- •

Plate 1. Test Site On Columhia River, Washington
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Figure 1. Location Map of Test Diata Site, Bonneville Dam, Columbia River, Washington.

2.3 RESULTS

Figure 1.2 shows results obtained at one cross-section dur.ng the test survey downstream

of Bonneville Dam. Figure 1.2(a) shows results from the ADCP used in bottom-track mode, with

a discharge calculated of 130143 cfs. Figure 1.2(b) shows resuits obtained using the ADCP in

conjunction with the DGPS, with a discharge calculated using 'GPSQ' of 191750 cfs. It is obvious

from the plots of measured velocities in figure 1.2 that the velocity field shown is significantly

5i', -S



different dependent on the velocity reference used Also, the discharge calculated using the I)GPI

as a velocity reference is 47% greater than that when using bottom-track. The 'bottom-track
0

declination' calculated by 'GPSQ' at the time of data processing is 21 degrees (the bottom-track

declination is the difference between the survey line direction calculated using bottom track data

and the survey line direction calculated using the DGPS data).

The discharge results may be explained in part by the theory that bottom-track errors lead

to an under-estimation of the water velocities and therefore discharge, through an under-

estimation of vessel velocity. The bottom-track declination of 21 degrees may be partly due to

very localised magnetic affects on board the survey vessel interfering with the internal ADCP

compass. This affects the measurement of velocities in two ways. First, the bottom track

measurement of the vessel's speed and direction is affected. Second, the measurement of water

velocities made relative to the ADCP is affected. When these two measurements are combined

to calculate an absolute water velocity, the affect of local magnetic declination is compounded.

The DGPS is not susceptible to the affects of local magnetic declination and can therefore

elimitiate the affect from the measurement of vessel velocity.

10
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Figure 1.2 Measured velocities (ftis); (a) 'Bottom-track' referenced and (b) GPS referenced
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3. GrSQ

3.1 INTRODUCTION 0

When ADCPs are used on board moving vessels for river discharge measurements, they

are generally configured to record the velocity of the bed (bottom track) and the velocity of the

water relative to the ADCP. The ADCP then combines the two velocities to give an absolute

water velocity. Under certain conditions ADCP bottom track data can become unreliable and thus

intioduce errors into the measurement of water velocities and discharge. ADCP bottom track is 0

limited by the convex arrangement of the ADCP transducer heads, making it impossible for the

ADCP to measure the entire water column. When the ADCP is measuring what it assume!7 to be

the bottom, it is in fact measuring a moving surface of wat, /scdiment just above the bed. Under

normal conditions the echo fiom the hard bottom surface is enough to overcome this problem,

but under higher flow conditions, when sediment is being entrained into the water and the bed is

mobile, errors are introduced. Generally, bottom track errors of this nature will lead to an under-

estimation of the discharge due to the ADCP using a velocity reference that is moving in the

downstream direction.

'GPSQ' is a DOS based program written in FORTRAN which, together with an amended

survey technique, will re-calculate ADCP measured velocities and discharge. It does this by

utilising data from an external differential global positioning system (DGPS), to replace bottom

track and measure boat motion. GPSQ uses ADCP velocity data that is taken from the RDI-

TRANSECT program, in the usual ASCII processed data format, with the velocity reference set

j to "none". 1)0PS files are then combined with the ADCP ASCII files to correct for boat motion

and produce correct velocities and discharge.

8dshre
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3.2 METHOD
!0

3GPSQ works in three modules. The program modules are:

(1) DGPS data processing module

(2) Velocity data correcting moiale

(3) Discharge calculating module

3.2.1 I)GPS Data Processing

"The first module of GPSQ reads the GPS navigation file and calculates the boat motion

and position for each ADCP ensemble. The module will read GPS data in the following format;

6

1ENSEMB1.E 1038 I•'Tr[I 4685248
10:01:56 1624658.61 7)8868.14
10:01:57 1624656.07 718866.96
10:01:58 162,1654.36 718866.70

10:01:59 1624652.71 718867.11

ENSEMBL4I .E 10S19 PCI'IMI" 46X(5605

10:02:00 1624651,46 718868.14
10:02:01 1624600.64 718869.64 0
10:02:02 1624649.27 718871.14
10:02:03 1624648.40 718873.53
10:02104 1624648.40 718873.53

I -NSI -M III . 1040 ICT IM I .4686(134

10:02:05, 1 62d647.33 718876.20

1(1:02:06 1624646.(16 7197117.92

1(1:02.07 1624644.58 718891.78

10:02:018 1624642.61 718885.42

; tThe ensemble header line gives an ensemble number followed by an ensemble start time

(PCTIME) in hundredths of a second, The GPS data lines give a position time

":I (hours:minutes:secoads) followed by an Easting and Northing. The GPS data processing module S

reads this file into an array of ensemble number with PCTIME from the end of the ensemble to

]9
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the start of the transect, and an array of' GPS East and North with time from the start of the first

ensemble. The two arrays are then matched in ,erms of time to give each ensemble number a

position at the end of the ensemble and an average boat velocity duiing the ensemble (a velocity

is calculated tbr each GPS record and then averaged over the ensemble period).

The next segment of this module then c.t]culate! a survey line definition based on the GPS

data. The start and end points of the GPS record are used as the start and end points for the

survey line. A definition of the survey line is necessary for the discharge calculation method
described below. A distance along the survey fine (course made good; CMG) and a width is

calculated for each ensemble, together with a corrected position. GPS positiels are then

translated to survey line positions using the following equations:
0

F (ra n + e - c.m ) / (in' - 1) ........................... (Eqn 3.1)

N m . E 4 c ...................................... . (E qn 3.2) 0

where:

Fý Corrected Easting

NCorrected Northing

e (]PS Fasting

n (NIS Northing

in Survey line gradient (dist. North / dist. East)

Survey line intercept

The output of the GIUS processing module is in the tbrmat shown below, Velocities and course

made good data are given in the selected data output units, US customary or SI. The GI(S

processed data file is a temporamy file which is removed at the en, of the program execution.

10



ENS (IC, EAS'IN(; N)RT[INO F V'. N VET. WI)111
1038 2.96 16246;9.(ll) 71,86.90 5.81 -5 33 1.43

1039 18.76 162,1656.(10 718873.20 25.9.1 -.1.69 5 67

1040 52.84 1624651.00 718•82.40 42.18 -5.20 9.0()

1041 98.7, 1624645.0)0 118894.80 49.46 -6.25 9 54

1042 155.82 16246.3600 718910.1 u 64.82 -735 9.78

1043 206.34 1624629.01 718923.70 36.06 -7.48 Q.69

1044 252.05 162,1623.10 719936.0(; 55.45 -5.97 101.25
1045 313.51 1624614.00 71899%2.60 67.55 -5.54 11.29

3.2.2 Velocity Correction

The next module in (iPSQ takes the processed GPS data and combines it with the

processed ADCP ASCII data, to give corrected water velocities. The ADC!P process;ed ASCII

files are in the format shown in Appendix A.

.5 For each measurement bin the measured velocity direction is corrected for the local

6 1 magnetic declination (1) as input by the user.

- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (i q n 3 .3 )

where:

[' Local magnetic declination

p True Ai)CP direction

Measured AI)DC' direction

The non-referenced East and North ADC'P velocities and then corrected 1br boat motion to give

an absolute water velocity.

Vw VB VAIX., . ...................................... (Ein 3.4) 3

where:

II
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B

V, - Absolute water velocity

ii VD Boat velocity given by DGPS

-VAI, ADCP non-referenced measured water velocity

A depth is calculated for each ensemble u:,ing either ADCP beam depth data given in the

ADCP ASCII file, or external fathometer depth data in a format as yet untested in the field. The

ensemble depth is used to calculate an ADCP range. Velocity data outside of this range is

discarded. The range of acceptable ADCP data is given by tie a illowing equation:

R == (D ,, - D AIX.I,) . COSO ................................ (E qn 3,5)

where:

R ADCP range

11 = Elnsemble depth B

DA×I, = ADCP transducer depth (given in ADCP ASCII file)

0 - ADCP transducer beam angle (INPUT by user)

The output fto'n the velocity data correction module is given in the file VEL AOCITY.I)AT

which is created in the working directory. VIH,O..II Y.DAT' is in the following lbrmat: •

id, ,mg, di4, caa, n, all, wikal, d&1,(h, bin, magp dim, eaRI, noitlh, val., aror, (h av. nadq) range
1 1038 2.97 1624658.00 718868.91) 5.81 24.92 5.001 5.61 297.30 -4.99 2.57 .(10 J..7)1 247.25 A3.48

I 103(Z 2.97 1624,V5800 718868.9: 5.8 1 24.92 6.70 5.49 288.8X1 -5.20 1.77 -.10 -.60 235,50 21.48

1 10)38 2.97 162465800 718868.910 5.81 24.92 8.30 5.19 282.71 -5.06 1.14 .00 -.40 206.25 23.48?

I 103F 2.97 1624658.00 718868.90 81 24.92 9.901 5.37 277.97 -5.12 .74 20 -.60 180.25 231.48

1 10311 2.97 1624658.01, 7188X6M".90 '.81 24.92 11.61) 4.52 282.69 -4.41 .99 .10) -. 10 172,511 23,48

1 1038 2.97 1624658.01 71886g.90 5.98l 24.92 11.20 5.25 291.11 -4.90 1.89 .2M1 -.2(1 163.110 23.48

1 1038 2.97 162465M.00 "7188IM89C 5.11 24.92 14.911 546 290.98 -5.1(1 1.95 .20 -.7(1 159.25 23.48
I 103I 2.97 1624658.00 719868.90 5.81 24.92 16.50 5.65 297.86 -4.99 2.64 .110 -.90 153.511 23.48

1 1093 297 1 024659.00 719968.90 .5.81 24.92 18.1(0 5.86 303.79 -4.87 3.26 -.20 .00 150.50 23,118
1 1038 2.97 1624658.(X0 /18868.90 5.81 24.92 19.81) 5.14 289.47 -4.85 1.71 - 10 -. 101 165.501 23.48
2 11139 11.77 1624656.00 '718873201 25.94 2, 50 5.00 5.25 307.51 -4.17 3.20 ,20 -.10 211.011 24.02

2 1039 18.77 1624656.00 718873.20 2.5.94 25.50 6.70 5.42 304.90 -4.45 3.1( .1 .10 2(14.75 24,02

12
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Any bad bins of measurement within the ADCP range are ignored and are not recorded

in the corrected velocity file,
S

3.2.3 Discharge Calculation

A discharge is calculated based on the survey line defined by the GPS data. Each ensemble

is assigned a width and position along the survey line and a discharge is calculaled through the

ensemble. For each ensemble a top layer discharge (estimated), middle layer discharge (measured)

and a bottom layer discharge (estimated) are calculated. Two options are available for the top

layer discharge estimation, the power or constant method. The missing bottom layer discharge

is calculated using the power method.
i.•

TOP LAYER DISCHARGE ESTIMATION USING THE POWER METHOD

The power law equation fbr describing velocity profiles in open channels (Chen, 1991: :

Simpson & Oltmann, 1990) is given as:

0

IJ / U* 9.5 . (Z / Z) t  .. . .. . . . . . . . . . . . . . . . . . . . . . . . . .  (Eqn 3.6)

where:

U - Velocity at height Z above the bed S

WJ Shear velocity

Z Height above channel bed

ZO Bottom roughness height

Power Law cxponent

which can be re-arranged to give:

13
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U (9.5 .U*/ Zcb).Zb . ............. ........ ...... . (Eqn 3.7)

a' (9.5 . U /Z ,b) ................................... (Eq n 3.8)

where a' represents the non-ADCP parameters, then

U a'. Z b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (E q n 3 .9 )

For each measurement bin, GPSQ solves equation 3,9 to give a value of a'. Within each ensemble

the a' values are averaged (a'avg), and the average is then used to solve for the missing top layer

velocity. The top layer discharge is then given by; ,

QtJ1 a' avg. Zh. W . l 1,13,k . . . . . . . . . . . . . . . . . . . . . . . . . . . . (Eqn 3.10)

where:

QW = Top layer discharge

W Corrected ensemble width

Dtm = Blank depth

TOP LAYER DISCHARGE ESTIMATION USING THE CONSTANT MbTHOI)

The constant method for estimating the missing discharge near the surlhce is the simpler S

of the two techniques. The constant method does not follow accepted hydraulic principles of

velocity profile description, however, under certain circumstances it seems to give a more

accurate picture of near 11 p~oel Luei I het.hod simply takes the velocity "rom thk firsi

good measurement bin in the profile (V,,,) and extrapolates to the sumlace.

,V,,. W . DIi,,,k ...... ............................... (Eqn 3. 11)

14
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MIDDLE LAYER MEASURED DISCHARGE

The discharge through each measurement bin is given by the following equation:

• Q U, = V . cos(a - p,. W . H ........... ................. (Eqn 3.12)

where:

Q14 = Bin discharge

V Corrected velocity magnitude

a Survey line direction 0

p Corrected velocity direction

H Bin size

The bin size (H) is equal to the distance between the bin being considered and the last good

measurement bin. This is usually equal to the configured bin size but will change if any bins are 0

missing due to bad data. The middle layer discharge is then equal to the sum of all measurement

bin discharges.

BOTTOM LAYER FSTIMATED DISCHARGE

The missing discharge outside of the ADMP range at the bottom of the velocity profile is

calculated using the power law equation (Eqn 2.5). The bottom layer discharge is given by:

""hima " . t - " ) .a' R. 2.................. . 3.13)

where:

Ob,,, Bottom layer discharge S

15
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NEAR SHORE DISCHARGE ESTIMATION

GPSQ can be used to estimate any discharge that is not measured close to the banks at

the beginning and end of each transect. GPSQ uses the same ratio-interpolation method employed

by TRANSECT to estimate near shore discharge. The method uses the first and last known

velocities and assumes a tri-angular area between the bank and transect. The missing near shore

discharges are given by:

Qshc 0. 707 . V,,,. LL. DIU / 2 ............................ (Eqn 3.14)

where:

Near shore discharge (start or finish)

Val) Nearest ensemble depth averaged velocity

l1 Distance to bank

D., Nearest ensemble depth 0

The .otal discharge t.r the transect is then given by the sum of the top layer discharges,
0

measured discharges, bottom layer discharges and the near shore discharges. The discharge output

file, whose name and location is specified by the user, is in the fbllowing format:

ni¶ laN-r disdiarge t>4' it natini nthixi: iowcr

powat' c-dlhticimti 1 66700(1I-01 I

,.11alsc ble. dii.., eaqling. n ll(•~inly withh, (ItIAh, bill q, 1Tj) C1. 1*11 (1, ftotal q

1(1.18 2.97 1624658.00 718868.90 5.81 24.92 -336.10 -95.60 -18.51 -150,21 -2.14

1039 18.77 16246560J0 71X873.20 25.9.4 25.50 -939.54 -267 .17 -52.39 -1255.10 -1.43

1(14(1 52.8,; 1624651.(10 71888241) 42.18 30.50 -2363.18 -547.49 -130.89 -1041.56 -1.78

1041 98.74 1624645.00 71R994.90 49.46 37.93 -4173.16 699.66 -2(14.95 -5066.76 -1.83

10142 155.83 1624636.00 7189101 10 64.82 44.30 -7T15(.X6 -1012.12 -354.13 -9117.110 -200)

t"tval didiarge -185215.50(dis)
I(Aal t(mKg-%&Ji(xlaI atut 1"2,101701 10(11"3)

16



4. ADCPFILL

4.1 INTRODUCTION

ADCPFILL is a DOS based program which will read processed ADCP files from the RDI

TRANSECT program and write over bad ensemble data. Bad ensemble data will occur when two

or more ADCP transducer beams do not return good data for any reason. Bad ensemble data

affects the overall calculation of discharge and the ability of the ADCP to calculate the position

of each ensemble, in temis of distance travelled, displacement cast and north and straight line

distance to starting point (course made good). Therefore, after one bad ensemble the bottom track 0

and discharge data for every subsequent ensemble has a built-in error, which accumulates after

every bad data segment.

4.2 METHOD

During playback of raw ADCP tiles, an ASCII file can be produced (using the ALT-A •

command) containing position and velocity/discharge data for each ensemble. This ASCII file

contains a header followed by velocity data for each ensemble in the transect. The ensemble

header contains the time at the start of the ensemble, bottom track data, depth data for each

transducer beam, discharge data and various other survey parameters (see appendix A). The

discharge data contained in the ensemble header can be used as a test for bad segments of

ensembles. Bad ensembles show no increment in the measured discharge, whereas good ensembles

show an increase in the cumulative discharge measurement.

H Bin data for the ensemble is then given in the form of depth, velocity magnitude, velocity

direction, cast velocity, north velocity, vertical velocity, error velocity, echo intensities,

percentage good data (based on the number of beams used in the solution oftthe equation of

motion of the water) and bin di:;charge. For bad bins of measurement, data values of'-32768 are

17
0



attributed to velocities and 2147483647 are attributed to discharge. Bad measurement bins are

the result of either the bin being outside the ADCP range or more than one beam returning a bad
0

signal from that particular range of depths.

Once bad ensembles have been identified, ADCPFILL uses a simple linear interpolation

to re-calculate ensemble bottom track data, beam depths, pitch, roll, corrected heading, ADCP

temperature, bin velocity, echo intensities and percentage good data. Discharge data is not filled

by interpolation, but calculated separately. Ensemble time and number are not aftfeted by bad

velocity measurements and, therefore, do not need recalculating. ADCPFILL uses the following

equation to interpolate between good ensembles:

J ki k1(n 2-ni) + k 2(ni-,n 1 ) / (n 2-n,) ................. ........ (Eqn 4. 1)

where:

k - Parameter under consideration 0

n Ensemble number

lBad ensemble
6

Li ast good ensemble befbre bad data segment

2 Next good ensemble aller bad data segment

S

Once the bottom track and velocity data for each bad ensemble has been corrected, the bin and

ensemble discharges can then be re-calculated. ADCPFII.I uses the same moving boat method
S

of discharge calculation employed by TRANSECT (Simpson and Oltmann, 1990; Gordon, 1989).

The discharge for any given measurement bin is calculated as follows:

Q N, x , . hi. A t . .. . . . .. .. .... .. ... .. .... . .. . .. . .. . (E q n 4 .2 )

18
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where:

IN11 iBin discharge

Xj - Vector cross product •

hi Bin height

At Ti"ime elapsed during ensemble

The vector cross product (Xi) is given by the following formula:

0

( . ) - . .................... ...... (Eqn 4.3)

where:

E N,• East velocity of the survey vessel

Nl.,., North velocity of the survey vessel

Ewcr East velocity of the water •

N =,,t Nolth velocity of the water

The accumulated errors in measured discharge and bottom track data are calculated for each bad

segment of A1)CP data and then added to subsequent ensembles to correct for accumulated

eirors.

The final output of ADCPFILL is in the same lbrmat as the original ADCP data file, and

as such can be used by other software packages designed for ADCP ASCII data. The numbers

of any bad enseembles corrected are displayed on the screen at the time of processing.

19
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5. CONCLUSIONS & RECOMMENDATIONS

At conception, this project was designed to address the general problem of ADCP data

management and analysis on the Mississippi River, in particular to outline the basis for a usable

engineeiing database of ADCP data. However, under certain flow conditions a more fundamental

problem was identified, that of actually collecting good quality data using the ADCP. Using

experience gained working in Bangladesh with ADCPs on the Brahmaputra River, a new survey

arid data processing technique was designed and tested. 0

In the main body of this report two computer programs are detailed, GPSQ and

ADCPFILL, which were developed during the study to overcome two of the basic problems of

ADCP data collection, bottom-track errors -nd blapk or missing data. These programs were

validated and found to work well with the sample data collected on the Columbia River, however

they require further development in order to be more flexible for general use and eventually to be •

incorporated into a standard method of river discharge measurement.

The significant differences between ADCP velo-, ty and discharge data collected using

bottom tracking and DGPS, would seem to pose more questions then they answer. Additional

work is needed analysing the data collected during the test survey, in particular looking at the

affects of local magnetic declination and the possible incorporation of a gyro compass into the •

survey method.

Further improvements to the survey methods could be achieved through the addition of

an external fatbometer gauge to measure cross-sectional bathymetry. This would require further

software development and field testing. At present depth data is obtained from the ADCP beams,

a fathometer would give a more detailed and accurate measurement, thus improving confidence

in the discharge calculation. Further work is also needed on procedures to ensure correct

20
S,0

I .-./



0

matching of the differential plobal positioning system file and the ADCP file, in order to ensure

that data taken from the two tiles are combined accurately in time.

6

0

S
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Row Field Description

1 1 i ENSEMBLE TIME - Year (at start of ensemble)
2 - Month
3 - Day
4 - Hour
5 - Minute
6 - Second
7 - Hundredths of seconds
a ENSEMBLE NUMBER (or SEGMENT NUMBER for processed or averaged raw data)
9 NUMBER OF ENSEMBLES IN SEGMENT (if averaging ON or processing data)

10 PITCH - Average for this ensemble (degrees)
11 ROLL - Average for this ensemble (degrees)
12 CORRECTED HEADING - Average ADCP heading + heading offset - magnetic variation
13 ADCP TEMPERATURE -Average for this ensemble (*C)

2 1 BOTTOM-TRACK VELOCITY - E~st(+)/West(-); average for this ensemble (cm/s or ft/s) •
2 - North(+)/South(-)
3 Vertical (up[+]/down[-])
4 - Error
5 WATER LAYER VELOCITY - East(+)/West(-); average for this ensemble (cm/s or ft/s)
6 North(+)/South(-)
7 - Vertical (up[+]/down[C-1
8 -Error
9 DEPTH READING - Beam I average for this ensemble (m or ft. as set by user)

10 - Beam 2
11 - Beam 3
12 - Beam 413 - Beam 5 (1 f present)

3 1 TOTAL ELAPSED DISTANCE - Through this ensemble (from bottom-track data; in m or ft)
2 ELAPSED TIME - Through thBs ensemble (in seconds)

3 DISTANCED TRAVELLED NORTH (m or ft. as set by user14 DISTANCED TRAVELLED EAST (m or ft, as set by user)
5 COURSE MADE GOOD - Through this ensemble (frmn bottom-track data)

4 1 NAVIGATION DATA - Latitude; average for this ensemble (degrees)
2 - Longitude; averaige for this ensemble (degrees)
3 - North(+)/South(.) ship movement: average for this ensemble (cm/s or ft/s)
4 - East(+)/West(-) ship movement; average for this ensemble (cm/s or ft/s)
5 - Total distance travelled through this ensemble (cm or ft)

5 1 DISCHARGE VALUES - Middle part of profile (measured); m'/s or ft'/s2 Top part of profile (estimated); re/s or ft'/s3 - Bottom part of profile (estimated); m'/s or ft'/z

4 Start-share discharge estimate; m/s or ft'/s
5 - Starting distance (boat to shore); in or ft
6 - End-share discharge estimate; mn/s or ft'/s
7 - Ending distance (boat to shore); m or ft
8 - Starting depth of middle layer (or ending depth of top layer); m or ft
9 - Ending depth of middle layer (or starting depth of bottom layer): m or ft

6 1 NUMBER OF BINS TO FOLLOW
Z MEASUREMENT UNIT - cm or ft
3 VELOCITY REFERENCE - BT, LAYER, or NONE
4 INTENSITY UNITS - dB or counts
5 INTENSITY SCALE FACTOR - in dB/count
6 SOUND ABSORPTION FACTOR - in dB/m

7 1 DEPTH - Corresponds to depth of data for present bin (depth cell); includes ADCP depth and
blanking value; in m or ft.

2 VELOCITY MAGNITUDE
3 VELOCITY DIRECTION
4 EAST VELOCITY COMPONENT - East(+)/West(-)

- S NORTH VELOCITY COMPONENT - North(+)/South(-)
6 VERTICAL VELOCITY COMPONENT -Up(+)/Down(-) I
7 ERROR VELOCITY
a ECHO INTENSITY - Beam 1
9 -Beam 2

10 -Beam 3
11 -Beam4
12 PERCENT-GOOD
13 DISCHARGE

i*
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G['SQ ver 1.0 SOURCE CODE
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c a title subroutine

call clearscreen

write(*, *) I Welcome to GPSQ ver 1.0 fbr DOS'
do k-l, 10

write(*, *)
enddo
write (*, *)'press ENTER to contino,,-'
read (*, *)

call filenaine

end

C-.. . . . . . . . . . ..---------------------------------------------------------

subroutine filename

c a subroutine fbr entering adcp and navigation input file names

character*70 adep file, nav file

call clearscreen

write(*, *) 'please enter ADCP ascii file name and path'
write(*, *)
read(*, '(a7f)') adcp file
write(*, *)
call clearscreen
write(*, *) 'please enter NAVIGATION file name and path'
write(*, 4)

read(*, '(a70)') nav file
call clearscreen

call data _oi.it(adcp file, nay file)

end

C ------------------------------------------------------------------------

subroutine data out(adcpfile, nay file)

c a subroutine for selecting the units of measurement for data output

real units, units2, units3

integer option4, error

4a wa""



character*70 ft cm*I, adep_ file, nay tile

open (4, file - adcp file, status -- 'old')

call clearscreen

10 continue
write(*, *) 'OPTIONS FOR DATA OUTPUI.....
write(*, *)
write(*, *)'(1) ENGLISH units (11, ft/s, cts)'
write(*, *)
write(*, *) '(2) SI units (in, m/s, cumecs)'
do j=I, 10

write(*, *)
enddo
write(*., *) 'please enter an option number'
read *, option4

20 continue

c 'units' is a tfctor used to convert data into the desired output

select case(option4)
case(l)

units --- 3.281 0
case(2)

units = 1.0
case default

call clearscreen
write (*, *)'please re-enter an option number'
goto 10

end select

do 30, j- 1, ,S
i cad (4, 100)

30 continue
100 lbrmat(70x)

c Adcp data file is read to determine the measurement unit 'f1 cm'
c 'units2' is used to convert the ADCP data into a form whereby 0
c 'units' can be appl-d
c 'unitsY is rcq'd because if the measurement unit is SI then velocity
c data is given in cm not m

read (4, '(3x, al )', endA-40, err 40, iostat-error) t1 crn
select case(flcm)
case(T)

units2 Lunits/3.281
units3 - I

S•f•r..••-_.. . :< -• • ¢r-•,•-a, ='w•r-,,•= '•'• 1 • .,.:.• ,'•": lt•-:'"•ll • I&• q~lI ,..' •• CJ
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case('c')
units2 -units/U.0
unitsO 0 0!

end select

close (4)

call q _method(units, units2, units3, adcp tile, nay file)

40 continue 0
if(e'ror ne. 0)then

call clearscreen
write (*,*) 'CANNOT READ measurement uni('
write (*,*)'FRROR in', adcp_.tile
stop 0

endif

end

C ------------------------------------------------------------------------------

c a subroutine for entering pretbrence ol power or constant method fbr
c top layer discharge estimation

subroutine qmethod(units, units2, units3, adep tile, nay file)

real units, units2, units3

integer option2

c.aracter*70, adcp file, ha, tile

call elearscreen

10 continue
write(*, *)'OPTIONS F)OR DISCIHAR(GE CAlkLJI UATION ....'
write(*, *)
write(*, *)'(I) use "POWtEIR" method Iir top layer estinmation'
write(*, *)
write(*, *) '(2) use "CONSTANI" method lor top layer estimation'
doj 1, 10

write(*, *)
enddo
write(*, *) 'please enter an option number'
read *, option2 •

select case (option2)
case( 1)

call discharge I (units, units2, units3, adep file, nay tile)

LL



case(2)
call discharge2(unitS, Units2, units3, adcp file, nav file)

case deti.ult
call clearsercen
write (*, *) 'please re-enter option number'
goto 10

end select

end

c ---------. I.---...............-------------------------------------------

c a subroutine for calculating discharge using the power method

subroutine discharg- I (units, units2, units3, adcp file, navjile)

real depth bin(l00), vel mag(l00), vel dirn(100), corrw,
+1e vui(l00), n vel(l00), z vel(100), db avg(l00), depth_ avg,
I error vel(1 00), totalbinq, toplayer q, btnilayer___q, .
+a-avg, ensemble q, line grad, blank depth, a( 100),
Ipower coefi, bin vel( 100), bin q( 100), adcprange(]00),
Pbin size, line dira, total I, total2, total3, total4, bank_ q,

bin _velavg, start depth, start velt units, units2, units3,
coi-r e, con n, dist

S

integer ic, ic2, ic3, num ens, ens imm, id

character*70 label 1, label2, adcp file, mna file

ic -0
ic2- I
ic3 - 0
total4 0

call velocity(units, units2, units3, num ens, line grtad., bin size,
Iblank depth, adcp file, nav tile)

close ( I)

open (1, tile 'velocity.dat', status -- 'old')

open (2, file -- 'gpscorrq.out', statu:E 'Unknown')

read( I, '(a70)') label I
write(2, *) labell I
vead( I, '(a70)') label2
write(2, *) label2
read(I, *)

0
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call clet-careren
write(*, *) 'PLEASE ENTER A POWER LAW CO-EFFICIENT'r
writc (*, *)
read *, power coeff
call cicarse~rcen

write (2, *) 'lop layer discharge estimation method: power'
write (2, *) 'power co-efficient =', power -cocti'
write (2, *) 'ensemble, dist, easting, northing, width, depth, bin
A q, top) q, btin q, total q'
write (2, *) 'power co-efficient ý' power coelf

depth bin(O) - blank depth - bin size/2

10 continue
total 1 0
total2 0
total3 -0

20 continue
ic ic I-l
read (1, *, errý-30, end=30) id, ens nuni, dist, colT C,
-corr-n, corr-w, depth_avg, depth bin(ic), velmagl~ic),
Ivel . dirn(ic), c vel(ic), n -vel(ic), z vel(ic), error vel(ic),
Idb avg(ic), adcp range~ic)
if(id eq. ic2) then
goto 20

endif'
do k---, 2
backspace (1)

enddo
read (1, *, err--30, end-s30) id, ens nunm, dist, corr C, corr-n,
Icorr w, depth avg

c 'a( )' is equal to the 'non-adcp)' parameters in~ the power law equation

30 continue
ic ic -I
line dirn --((atan(/ldine giad)) * 180/3.14]159) 1 90

do 40, k-l,ic
bin vel(k) ý-vel rag(k)*cos((line_ dirn-vel _(Iiril(k))*3.14159/180)
bin _q(k): - bin vel(k)*corr _w*(depth bin(k) - depth bin(k- 1))
a(k) --bin vel(k)/(1rdepth_ avg - d1epth bin(k))**power coefl)
totallI bin q(k) itotal] I
total2 -= a(k) + total2
total3 -bin_ vel(k) 4total3

40 contInueC



0

0c - ic3 ]-I
- total binq total I

a avg -- total2/ic
bin velavg - tottl3/ic

r.1toplayerq -corr w * blank depth a_ avg*
'((depth__avg -blanik__depthl2)**p~owcr- coctl)
bt-nlayerq ýýaavg * ((((depth _avg -

±-adcp_ range(ic))* *7)/2)* *power _COCID*coIt- w
ensembleq --total~~binqj A- toplayer q 4- btmlayer~q

write (2, 100) ens num, dist, corr e, corr j,
I corr -w, depth avg, total_binq, toplayer _q,
I-btndayerq, ensemble__q, aavg

100 ilorrn.at (i5, 03.2, 2f 3.2, Mf10.2)

if(ic2 eq(. 1) then
start depth = depth avg
start vel: total3/ic

endif0

total4 ensemble q -A total4
if (ic3 -eq. num ens) then
goto 50

cindif
ic -0
ic2 -ic2 I

goti) 10(

50) continu~e

end depth -depth avg
end vel bin_ velavg

call nearshore(bank q, stail depth, start vel, end depth, end vel,
-I units)

call clearscreen
total4 -- bank q A tota14 0

i f (Unit S eq. 1. 0) then
write (2, *) 'total discharge ', total4, (lirniecs)'
write(*, *)T'1OTIAL D)ISCH-ARGE - ,tota14, '(curnecs)Y
do kL-I, 10

write(*,*
enddo

end it



0

if (units eq. 3.281) thcn
Swrite (2, *) 'total discharge ', total4, '(cfs)'

write(*, *)'TOTAL DISCIIARGE ',total4, '(cfs)'
do k-1, 10

write(*, *)
enddo

end if

60 continue

end

C--------------------------------------------------------------

c a subroutine fbr calculating discharge using the constant method

c a power law fit is still used tor the kicar-bed discharge, as such
c 'discharge2' is very similar to 'discharge 1'

subroutine discharge2(units, units2, units3, adcp file, nav file) •

real depth ~bin( 100), velmrag( I 0), vel dirn( 100), corr w,
±e vcl( 100), n vel( 100), z vel( 100), db avg( 100), depth avg,
i error vel(1 00), total binq, toplayer_q, btmlayer _,
+a avg. ensemble_q, linegrdbln deta10)+aag.esmbeq ln._gradl, blank depth, a( 100), •
1-power coefi, b;n vel( 100), bin__q( 100), adep_ range(100),
I bin size, line_dirn, total 1, total2, total3, total4, bank q,
4-bin. velavg, vel top, startdepth, start vel, units, urnits2,
Iunits3, corr e, coir n, dist

integer ic, ic2, ic3, num ens, ens nunm, id 0

character*70 label I, label2, adep file, nav tile

ic 0
ic2 1 •
ic3 0
total4 0

call velocity(units, units2, units3, num ens, line grad, bin size,

I blank depth, adep tile, nay file) S

close (I)

open (I, file 'velocity.dat', status 'old')
open (2, file 'gpscorrq.out', status 'unknown')

read( I, '(a70)') label I
write(2, *) label 1
read(I, '(a70)') label2

.... .... ---- ., ... ..



writc(2, *)label2

read(], *

depth bin(0) =blank depth - bin _sizc/2

call clearsreren
write(*, ')Please enter a power law co-efficient'
write (*,*
read *, power_ coeff
call clearscreen

write (2, *) 'top layer discharge estimation mecthod: conistant'
write (2, *) 'power coefficient for bottom layer ý', power -coeff
write (2, *) 'ensemble, dist, easting, northing, width, depth, bin

4- q, top q, btm q, total q'

10 continue
totallI - 0
tota12O 0
total3 0

20 continue
ic =ic + I
read (1, *, eri-30, end=30) id, ens_nuni dist, corr~e corr--n.

+corr~w depth avg, depth_ bin(ic), vel mag(ic), vel~dirn(ic),
+e Yel(ic), n vel(ic), z vel(ic), error vcl(ic), dbavg(ic),
4 adcprange(ic)
if(id eq. ic2) then
goto 20

endif
do k=I, 2
backspace (1)

enddo
read (1, *, crr=-30, crid-~30) id, ens nurn, dist, corr e, corr n,
1 corr w, depth_ avg

30 continue
ic ic *

line dim = ((atan( I line grad))* 1 80/3.1 4 159) -1 90j
UO ct, 4~ 0 I -, i c

bin vcl(k) -velmag(k)*cos((line _dirni-vei dirn(k))*3. 14159/180)
bin q(k) =bin vcl(k) * corr w * (depth hini(k)-depth _bin(k- I))
a( k) -bin__vel(k)/((depthl _avg - depth bin(k))" powercoell)
total I bin q(k) i- totallI
total2 -a(k) -1 tota12
total3 -bin vel(k) i total3

40 continue



vel top vel. mag(1)*cos((line dirn - yel dirn(l))*3-141 59/180)
ic3- ic3 ± I
total binq = otal I

_avg total2/ic
bin velavg =total3/ic

toplayer~q = corr -w * blank depth *vel top

btnilayei~q a~avg * ((((depth -avg -

* ~t+adcp~range(ic))* *7)/2) **power coeff) *corr_ w

ensemble_q = total binq + toplayer q + btnilayer~q

write (2, 100) ens num, dist, corr e, corr n, corr w, depth__avg.
+total._binq, toplayer q, btmlayer q, ensemble_q, a__avg

100 format (15, N~.2, 2f1 3.2, 7f 0. 2)

If (ic2 eq. 1) then
start depth = depth avg
start vel =total3/ic

endif

totl4 nsenbleg + total4

if (ic3 .eq. num_ens) then
goto 50

endif
ic 0
ic2 = ic2 + I

goto 100

50 continue

end -dcpth - depth__avg
end vel -bin -velavg

call nearshore(bank q, start depth, start vel, end depth, end vel,
+units)

call clearscreen
total4 bankq + total4

if (u i ts eq. 1.0) then
Write (2, *) 'total e2ischa, ge ',total4, '(cumecs)'
write(*, *) 'TOTAL DISCHARGE ,total4, '(cumecs) S
do k-1, 10

writc(*, *

enddo
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if (units eq. 3.281) then
write (2, *) 'total discharge = ', total4, '(cfs)'
write(*, *) 'TOTAL. DISCIlARGE ', iotal4. '(cfs)'
do k=l, 10 0

write(*, *)
enddo

end if

60 continue

end

C ------------------------------------------------------------------------

c a subroutine used to calculate the missing discharge, if any, at the
c start and end of a transect S

subroutine riearshore(bank_q, startdepth, startvel, end depth,
+end vel, units)

real bankq, start dist, enddist, start q, end q, start depth, 0
±+startvel, end depth, endvel, units

integer option3

call clearsereen 0

05 continue
write(*, *) 'NEAR SHORE DISCHARGE OPTIONS...'
write(*, *)
write(*, *)'(1) CALCULATE near shore discharges'

J• write(*, *)
write(*, *) '(2) DO NOT CALCULATE near shore discharges'
write(*, *)
write(*, *) 'please enter an option number'
read *, option3 0

select case(option3)
case(])

goto 10
case(2) •

goto 20
case default

call clearscreen
write (*, *)'please re-enter option number'
goto 05

end select

10 continue
S

. .. .. ....
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call clearsereen

if (units .eq. 1.0) then
write(*, *) 'enter distance to bank at START of transect (m)'
read *, start dist
write(*, *)
write(*, *) 'enter distance to bank at END of transect (in)'
read *, end dist

end if

if (units eq. 3.281) then
write(*, *) 'enter distance to bank at START of transect (tl)'
read *, start dist
write(*, *)
write(*, *) 'enter distance to bank at END of transect (tl)'
read *, enddist

end if

call clearscreen

start q 7 0.707 * start depth * start dist * start vel/2

end q - 0.707 * end depth * end dist * end vel/2

bank q a- start__q 4- end q •

goto 30

20 continue
bank q = 0 0

30 continue

c -----------------------------------------------------------

subroutine velocity(units, units2, units3, num ens, line grad,
d-bin size, blank depth, adcp_ tile, rnavyfile)

c a subroutine for combining the vessel velocity and the adcp measured
c water velocities

real depth( 100), mag adcp( 100), dim adcp( 100), eadcp( 100),
4-n adcp(100), z_ adcp(100), error vel(100), db ](100), db_ 2(100),
+db_3(100), db4(100), per good(00), e boat, n boat, corr c,
I corr n, corr w, depth avg, dist, e water(100), nwater(100),
+ z water(100), mag water(100), dirn water(100), db avg(100),
+junk 1 (100), junk2(! 00), junk3(100), line grad, bin size,/S



0

+adcpangle, adcp_range, bin ratio, blank depth, niag decln,
i blank dist, units, units2, trits3, junk4

integer ens num, good bins, numbins, ensemblenum, num _ens, ic,
Iic2, error, error2, error3, option I

character*70 labell, label2, adcp file, nay file

ic - 0
ic2 - 0

call clearsercen
05 continue

write(*, *) 'DEPTH CALCULATION OPTIONS... '

write(*, *)
write(*, *)'(1) use ADCP beam depths'
write(*, *)
write(*, *) '(2) use FATHOMETFIR data'
dojý-1, 10
write(*, *)

enddo
"write(*, *) 'please enter an option number'
read *, option l

select case (option I)
case (I)

call ens headerl (units, num ens, line grad, nav file)
case (2)

call ens header2(units, num_ ens, line grad, nay file)
case defitult •

call clearsereen
write (*, *) 'please re-enter option reinumer'
goto 05

end select

rewind (3)

open (1, file -'velocity.dat', status -- 'unknown')
open (4, file = adcpfile, status ---'old')

cal! clearscreen

write(*, *) 'please enter ADCP BFlAM ANGLE (deg)'
write (*, *)

read *, adcp angle
call clearsereen
write(*, *) 'if NOT already coniected,..'
write(*, *) 'please enter the local magnetic declination (deg)'
write (* *)

Sa-f ..- I



read *, magdAecln

call clearscreen

read4,'(7O)) lael0
read(4, '(a70)') label I
wriea(4, 'a0 label2
write(l, *)labell

write(t, 100) 'id, ens, dist, east, north, width, depth, bin, vcl
+1mag, vel di-n, east vel, north vel, vert vel, error vel, db_ avg, a
±dcp range'

100 format(a 120)

read(4, *, err-=80, end- 95, iostat~en-or) bin _size, junk4,
i adcp depth
bin~size - (bin size/IGO) * units
adcp_ depth = (adcp depth/l100) * units

10 continue
ic -0

20 continue
ic2 =ic2 +I
read (4, ~,eriý80, end-95, iostats-error) (junk I1(i), i-I1, 7),

+iensemblenum, (jurk2(i), i= , 13), depth_ b 1, depth b2, depth H3,
AI depth b4, (junk3(i), i- 1, 19), numbins
depth_ avg =(depihj bA- depth 1t)2 + depth bW 4 depth_ b4)/4
depili avg dopth ~avg * units2

30 continue
if (optionlI eq. I) then

read (3, *, err-85, end -95, iostat error-2) ens nuni, (list,
Icorr c, corr -n, cor *w, c boat, n boat

endif

if (option] eq, 2) then
read (3, *, ery%=85, end.ý95, iostat nerror2) ens nuni, dist,
Icorr e, corr n, corr-W, e-boat, ni boat, depth avg

if (ens nurn It. enseinblenum) then
goto 30

endif

40 continue
ic - ic -i I
read (4, *, end=50, err=90, iostat--error-3) depth(ic),
H-nag adep(ic), dimn adcp(ic), e adcp(ic), n adcp(ic), z adecp(ic),

0



I error vcl(ic), Ab I (ic), db 2(ic), d, 3 (ic), db 4 (ic),
I pcr-_good(ic)
it (iC .ge. nUnibins) goto 50

* goto 40

50 continue
* ~if (ens_ nun .gt. ensemblenuin) then

goto 20
endif

doj- , ic
depthio) -depthid) * units2
niag~adepO) miag adepoj) * units2 *units3
dit nadcp~o) din _adcp)(j) - niag _deemn
if(dirnadepj) .gt, 300) flhen

dirn_ adcpoj) -dirn adcpoj) - 360
endif
z adcp~j) -- z adepoj) * units2 * units3
error velo) e- rror velo) *units2 * units3

do 60, k 1, ic

ei adcp)(k) niag adep)(k) * co((dirn _adep)(k))*3. 14159/180)
it wate(k) ea bat -Ik cos(n _adcp(k) ) 0451/8)
c: water(k) e boat I e adcp)(k)
it watei(k) -t boa Iadtcp epk
zia walcr(k) - z water(k)** ae~)*)~.
diag water(k) - (aesn W'ater(k)/2I ng water(k))2)* 10/. 11
dhr wavg(k) -d (k)1s~ dh (k)4 b(k)/a wadl, (k))*18/3.115

00) cont inue

adep ratnge (depth avg - adcep depth)*-(cos((aclcp angle)*
13. 14 159/ 180)) 1adcp) depth
blank dist (Iepthi( 1) - bin size/2 - adep depth
blank depth - adcep depth I blank (list
bin range adep) range - blank dlepthl
bin ratio bin range/bin size
good bins--ainti(hin raltio)

do 70,k I ,good bins
if'(mag water(k) .gt, 95) then

got) /10
cndit
write ( 1, 200) ic2, ens nUm~i, dist, coit re, corr it, cori w,

I depth avM, depth(k), mag watem(k), dim watcr(k), e watem(k),
I it water(k), z water(k), ervor vel(k), Ab avg(k), adcp range

70 contimie



200 format (2i5, f.2, 2f]13.2, 1 If110.2)3 goto 10

80 continue 0
if (error ne. 0) then
write(*, *) 'error in adcp header, ensemble no.', ic2
stop

endif

85 continue
if (error2. ne. 0) then

write(*, *) 'error in navfile, ensemble no.', ic2
stop

endif

90 continue
if(error3 .gt. 0) then

write(*, *) 'error in adcp bin data, ensemble no.', iW2
stop

endif

95 continue

end

---------------------------------------------------------------------

subroutine ens.header I(units, numens, lin•grad, nayfile)

c a subroutine for calculating the survey line definintion, corrected 0
c ensemble positions and widths, and vessel velocities

real e end(100), n end(100), eyel, n vel, e start, n start,
"+linegrad, line_ int, corr e, CorT _n, corr w, sum e,
isum esq, sum n, sum en, corr estart, corrnstatt, last e, last n,
+tort eavg, corr navg, units, dist

integer ic, ens num( 100), num._ens, time( 100), time start

character*70 nay lile 6

sum e - 0
sum csq = 0
sum n < 0
sum en e 0
last c - 0
last n "0
ic- 0

, ,• ,, .. .. . . ••',* • ..... , ... ... ,- •''• • • 'S
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call read_ gpslI(num ens, time start., e start n1 start, time,3 +ens-num, e-end, n-end, nay file)

open (3, status ='scratch')

sume C- e --start + sum-e
sum -csq -e_start**2 -1sum -esq
sum n --nstart ý- sum nn
sum -en e-star-t*n-start + sumi-en

ic = num ens f[ ic
do 10j~1, ic

Sum -e ý sum -c 4 ce-endoj)
sum esq = sum_esq ±- e-endoj)*2
sum n sumn-n ± n-endoj)
sum -en = sum-en + eendoj)*nerld(i)

10 continue

linega-1= (ic*sum_-en - surn - *surnn)i(ic*sumn esq - sum e**2)

line mlt (sum esq*surn--n - sum--e*sumnien)/(ic*suim esq - sunic**2)

e -vel (eend( I) - e start)*unitsl(tirme(I 1- time start)
n-vel = (n end(1) - n._start)*units/(time( I) - time staft)

corr estart = (line grad*n--start A e-start - linojgradflincint)
+/(line grad**2 + 1)
corr -nstart =line-grad~corr estart +- line -mt

conre (line__grad*n_end(1) i c end(1) - line gradfline int)
+-/(linecgrad**2 + 1)
corr n line -grad*corr-e -1 line-imt

corr w (((corr- e - coi r _estart)**2 -1 (coyr n -cor- nstait)"22)
-* *0.5) *units

dist -corr w/2

corr~eavg = (corr estart + corr _e)/2
corr~navg = (corr nstart I corr n1)/2

write(3, *) ens__num(l), (list, corr _eavg, corr navg, corr w, e vel,
+n Yel

last e - corr e
last n con, n

do 20, j>2, ic



e vel - (e endoj) - e end(I- I ))*units/(tiinl(j) - tiine(j- 1))
n_ vel - (n end(J) - n cnd(J- I ))*linits/(tilmie(J) - tinic(j- I)

corr c ý- (line _grad*n_ endoj) -1 c endoj) .- line grad~line int)
I /(line~grad**2 - 1)

co ri _ n line grid*coirr c~ + litc lilt

eorr-w -(((corre - last e)*12 A (corr ji - last ii)**2)**O.S)*
A units

dist (((conr c - coirr start)**2 I (eorr n - eorr nstarit)**2)
A4 **() 5)*units~ - corr w/2

corr eavg -~ (corr -e last 0/12
Corr na-11,vg -(Coirrn 4last -0/2

write (3, *) ens__unumo), dist, corr eavg, conr navg. corr w,
C. vel, 11vel

last e - eonl c
last_ n - orr -

20) continue

end

c------------------------------- I----------------------------

Subroutine ens header2(units, nuni ens, line grad, nay file)

c a subroutii.o fir calculating the survey line definintion, corrected

c ensemble pos~tioris, widths, depths and vessel velocities

real e kiid( I 00), ni end( 1 00), c vel, n vel, e staz t, n stait,
Iline grad, lifIe int, COIT e, COur 11, COIr W, SUM C,
Isum esq, sum n, sum en, conr estai t, co )n nstart, last e, last n,
coil. eavg, corr navg. units, dist, depth avg( 100)

integer ic, ens rinu( 100), nuni ens, time( 100), time st art

chiaracter*70 rnav tile

sum e 0
SUMfl CS(l 0
sum ii 0
sum enl - 0
last c 0
last n 0)
ic - 0



call read gps2(IILII cnIS, time start, e start, n start, time,
I-ens num, e. end, n end, depth avg. nay file)

opent (3, status 'scratzhi)

sum c C start I sLIun C
su.m1 Csq ctat*2 sumII esq
S1,11 _11 11 Stalt I u SL11 1
sum en -c start*n start -1 sumn en

num-ens-4i
dto 1 j .I , ic

SLuM C sum IIc I vc endoj)
sum esql sum esq I cendoj)**2
SUIIl 11 sun i 11 A i endoj)
sum .en sum en I e endoj)*n endoj)

10 C01ntinueI

i 1ic ICI 1I
line grad (iC*SumII en - sum c*sum [n)/(iC*SumII esq - sunm e**2)
line lilt (Sum esq*sIlnu 11 - sum eCu n/i*sum esq - sum__e**2)
ic ic -I

do 15. j Lie S
depthi avg(lI) depth avgSj) * units

15 continueI

c vol (e cnd( I ) - e start)*un1itS/(timeI( I ) - time start)
n1 vel (n end( I ) - ii str)uis( Im I) - time stail)

coi r- estart kIine gi ad*n start I u start line grad *Iine int)
I /(linc grad" 2 I 1
coir nstari line grad *coiir est art I iline jilt

corr e (fine. grad*n end( I) e end( I) line gradflilne lilt)

1/(line grad* *2 1 1
corr ni line grad*eorr e. A line mnt

corr w (((ecorr e - con, cstart)**2 I (con* ni - corr nistatrt)**2)
I**0.5)*unlits

(list corr w/2

corr eavg (con, estart Icoir --)/2
cmi I-lavg (corr nstarti corr n)/2

w~rite(3, *) ens nuni( I ), (list, coii cavg. corr liavg, corr w, e vel,



S

In vel, deplh avg( I)

last e corr c
last n -corr n

do 20, j 2, ic
e vel (e endo)- c. endo-I)*units/(time(j)- limeo- I
n vel (n end(J) - n end(3-1))*units/(tirne(J) - timco- 1))

corre -- (line grad*n endoj) I eend(j)- line grad*line int)
I /(linegrad**2 1 1)

corr-n - line grad*corr e ± line imt

corr w -- (((corre - last e)**2 + (corrn - last n)**2)**0.5)*

-1 units

dist (((corr e - corr estart)**2 + (corr. n - corr nstart)**2)
I- **0.5)*units - corr. w/2

corr cavg -(corr e i last e)/2 •
corr navg (corr n -1 last n)/2

write (3, *) ens iumn(j), dist, correavg, corr navg, corr w,
4- e vel, n vel, depth avg(j)

last e corr c
last n -- con i n

20 continue

end 0

c -----------------------------------------------------------

subroutine read ).psl(ie4, time start, e start, n slart, 0
4-ens time, ens nun1, e -end, n end, nay tile)

c a sub,'outine fbr extracting ensemble data from gps file which
c does not include depili data

real e start, i start, e end(! 00), n eid(! 00), gps e( 1000),
A gps n(10(O)

integer time start, hour start, min start, sec start,
A-ens time(100), gps hour(1000), gps rnin(1000), gps sec(1000), ic,
I ic4, error, ens num(100)

character* I ehk, nay tile*70

S... •,,.• • -- ' - '_• 5 - . ... - 'L'- u _• . - -_ • • - ' ;,7. .• L. • - - ' ----".. .. .. .. .... __ _ p .0



ic = 0
ic4 -(0

open (5, file -nay_file, status ýz'old')

0 1 continue
read (5, '(aI)') chk
select case(chk)

case('E')
goto 02

case(Ve)
goto 02

case default
goto 0 1

end select0

02 continue
read (5, 200, errý-20, end>-20, jostatuserror) hour start, min start,

+scc-start, e start, nstart

time-start h lour start*3600 Imin start*00 I sec --start

do j -1, 2
backspace 5

enddo0

05 continue
ic4 -: ic4 -4 1
read (5, 100, err -40, end- 40) ens nurn(ie4)

10 continue

ic= ic I I
read (5, 200, err-30, end -30, iostat--erroi) gp.s hiour(ic),
±gps rnin(ic), gps__sec(ic), g~s- e(ic), gps n(ic)

goto 10

100 format(l Ox, i4)
200 format(i2, I x, i2, I x, i2, fl 2.2, f10. 2)

20 continue

if (error nie. 0) then
write(*, *) 'error in gps data'
stop

endif

30 continue
if (error ne. 0) thenm
ic ic 2
enstiume(ic4) gps__..hour(ic)*3600 i gps rnin(ic)*60 17,ps scc(ic)

goll0



iflens time(ic4) eq. 0) then
e end(ic4) - c end(ic4- 1) -1- 1 end(ic4-1 ) - e end(ic4--2))
n end(ic4) - n end(it4-1) i (n end(ic4-1) - n end(ic4-2))
•ens time(ic4) -- 2*ens tirne(ic4-l) - ens tinic(ic4-2)
write(*, *) 'error at ens num', ens num(ic4)
read(*, *)
ic4 iW4t I
goto 40

endif
e cnd(ic4) gps e(ic) 0
nend(ie4) gps.n(ic)
backspace 5
goto 05

endif

40 continue

ic4 ic4- I

end •

c -------------------------------------------------------------

subrotItine read gps2(ic4, time start, e start, n start,
-] ens time, ens nunt, e -end, nend, depth..avg, nav tile) 0

c a subroutine tbr extracting ensemble data roiom gps tile which includes
c depth data

real e start, n start, e end( 100), n end( 100), gps c( 1000), •
I gps n( 1000), depth total, depth avg( 100), depth( 1000)

integer time start, hour start, min start, see start,
I ens time( 100), gps hour( 1000), gps min( 1 000), gps sec( 1000), ic,

Wic2, ic3, ic4, ent or, ens num( I 00) •

character* I chk, nav tile*70

ic 0
ic2 -0
ic3 0
it4 0

open (5, tile nav file, status 'old')

01 continue
jead (5, '(aI )') chk
select case(chk)

case(T ;')

0

C "

--- - - - - --L- -



S

goto 02
case('et )
goto 02

case default
goto 01

end select

02 continue
ic2 :ic2
read (5, 200. err-=20, end=20, iostat=error) hour start, minstart,

+sec start, n start, c start

time-start- hour start*3600 4- min start*60 - sec stail

doj= 1,2
backspace 5

enddo

05 continue
ic4 - ic4 - I
read (5, 100, err -40, end--40) ens num(ic4)

10 continue
ic-ic 4 1
read (5, 200, err--30, end=:30, iostat-=error) gps hour(ic),
4 gps min(ic), gpssec(ic), gps n(ic), gps e(ic), depth(ic) 0

goto 10

100 format( I Ox. i4)
200 format(i2, Ix, i2, ix, i2, f12.2, t1O.2, flO.2)

20 continue
it' (error .ne. 0) then

write(*, *) 'error in gps data'
Stop 0

endit"

30 continue
if (error ne. 0) then

ic--: ic - 2
depth total -- 0

do j -ic2, ic
depth total depth(j) 4- depth total
ic3 -- ic3 1I

enddo

depth avg(ic4) :: depth total/ic3
cns time(ic4) -gps hour(ic)*3600 I gps min(ic)*60 - gpsscc(ic)

I- . . . ......- .-. a* *---



e end(ic4) gps e(ic)
n end(ic4) - gps. n(ic)

ic2 =ic + I
ic3 0

backspace 5
goto 05

endif

40 continue

ic4 = it4 - I

end

c ------ I------------------------- --------------------------------------

subroutine clearscreen

I do k=, 25 0
write(*, *)

* 'Ienddo

end

c ----------------------------------------------------------------------eSc )}--- <<..THJE.END..>>---{--

C -----------------------------------------------------------------------

' •
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c a subroutine for filling in bad ensemble, data

real bdept hI( 10) . bdepth2(l 0), bdepth3(l10), heada 1(20),
±heada_2(20), heada_3(20), headb) ](30), headb) 2(30), headb 3(30),
-4topbtm 1(1I0), topbtm2( 10), topbtm3( 10)

real depth]1(100), depth2( 100), depth3( 100), vel _inag I (100),
A-vel mag2( 100), vel rnag3( 100), vel dirn1(100), vcl dirn2( 100),
.1 vcl dirn3( 100), east vcl 1( 100), east vel2( 100), east vA~3( 100),
±-northi-veill(100), north vel2( 100), north vel3 (100), veilt vel 1 (100),
A-veilt-vel2(l 00), vert vel 3(100), erroryellI(I100), erro r vel 2( 100),
+error-.vel3(100), db_l 11(100), db ..12(100), db 13(100), db_2l(100),
-A db -22(100), last binq, qdifll
±db -23( 100), db_31(100), db.32( 100), db_33( 100), db_4 1(100),
+db-42( 100), db__43 (100), discharge 1 (100), discharge2( 100),
+discharge3(100), last -t, dt, bin _size, units, ectotal,
-1-ntotal, bin total, I total, de, dn, dl, dbin_cI, diop _q, dbtmilq

integer timel1(10), tirnc2( 10), tinme3(l 0), ens_ num 1 ens nurni2
-1-ens nun13 , ic, ic2, 163, ic4, nuiii bins, per good 1(100),
-'per good2(100), per good3(100)

charactcr*70 label)1, label2, label3, labcl4*50, file name, 11 cni* 1

ic -~ 0
ic2 =0
last binq
last ~top - 0
last_ btrn -- 0
de -0

dii 0
dl -0
dbin q 0
dtop q 0
dhtni q 0

call clearsercen
- I write(*, *) ' Welcome to ADII)(~LLJ flor DOS'

do k-I1, 10 .
write(*' *

enddo
writc(*, *) 'precss lFNTFlR to continue'
read(*,*)

05 continue
call clearsercen
write(*, *) 'please enter Adcp ascii file nanie and path,
re.adl(*., '(a 50)', end- 05, err 05) file name



call clears'reen
write(*, *) 'please wait while ADCPFILI. checks...'
write(*, *)' ', file _name
do k=l, 10
write(*, *)

Senddo
open( 1, file = file name, status ='old')
open(2, file ='clean.out', status -'unknown')
open(3, status = 'scratch')

read( 1, '(a70)', end=90, err-=90) label 1
write(2, *) label I
read(l, '(a70)', end=90, err=90) label2
write(2, *) label2
read(l, *) bin size
backspace I
read( 1, '(a70)', end=90, err=90) label3
write(2, *) label3

10 continue
read(l, *, end -90, err=90) (time] (i), iýl, 7),
lens num 1, (heada l(i), i=1, 13), (bdepthl (i), i= 1, 4),
+(headb l(i), i=I, 19), num bins

backspace 1
read( 1, 100, end=90, err=90) ft cm

100 format(3x, al)
select case(ft cm)

case(f)
units = 3.28 1
case(V)
units- 1.0

en&clect
backspace I
read(l, '(a50)', endr90, err-90) label4

if (bdepth i() .It. 1.0) then S

bdepth 1 (1) -- (bdeoth l (2) -1 bdepth l (3) + bdepth 1 (4))/3
endif
if(bdepthl (2) It. 1.0) then

bdepth 1 (2) = (bdepth I ( I bdepth 1(3) 4 bdepth 1 (4))/3
endif
if(bdepthl (3) .It. 1.0) then

bdepth1(3) - (bdepth1(i) - bdepthl(2) v bdcpth1(4))/3
endif
if(bdepthl(4) It. 1.0) then

S... . . , • aS



hdepth](4) = (bdcpthlk ) A- bdepthi(2) i bdepth](3))/3
endif

last -t = headb_ (2)

20 continue
ic - ic4- 1
read(], *, cnd=90, err =90) depthl(ic), vcirnagI(ic),

Al vel dirn 1 (ic), east veil I(ic), north veil (ic), vert veil (ic),
+error.vel I(ic), Ab _ 1I(ic), Ab 2 1(ic), db_ 3 1(ic), db _41 (ic),
+per -goodlI(ic), discharge]I (ic)
jific ge. num bins) goto 30
goto 20

30 continue
q_difl'== headbl(l 1) - last binq
it~q_diff eq. 0) then

ic ý-0
goto 10

cndif

35 continue
write(2, 200) (time 1(i), H~, 7), ens numi, (heada_ 1(i), HIl, 13),
±(bdepth 1(i), i=1, 4), (headb__I (i), ij 1,19), labe14
do k=l, num bins
write(2, 300)depthl (k), vel__magi (k), vel dimn I(k), east vel I1(k),

A- north vel I(k), vert_vcl I(k), error -velIl(k), dbl I1I(k), db_ 2l1(k),
+ db__3 1 (k), db_4 1(k). per~good I(k), dischargelI(k)
eriddo

200 format(7i4, i6, 5M8.21, /, 8110) 2, 417.2,!/, Sf10. 2, 5 I Sf0.2,!
A 3fn4.2, V48.2, /, a5O)

3 00 format(f9. 1, fl 1.2, fl 1. 3, 8f19. 1, P7, 113 .2)
rewind (3)

40 continue
last -binq =-headbl I(I I)
topbtmI(I)1--h,-adb_1(I12)-1last top
topbtm 1(2) == headb_ 1( 13) - last htm
last --top = headb _( 12)
last -btm headblI(13)

+ens -nUrn2, (heada_2(i), i= 1, 13), (bdeptfi2(i), 1-I, 4),0
AF (headb_2(i), HI- , 19), nurn bins

if (bdepth2( I) It. 1 .0) then
bdepth2(1) =(bdepth2(2) A- bdepth2(3) I bdepth2(4))/3



ii~bdcJpi12(2) .It. 1 .0) then
1)depth2(2) (bdepth2( I ) I 1xepth2(3) I lxlepth2(4))/3

endif
il(bdcpth2(.3) It. 1'.0) then

bdepth2(3) -(bdcpth2(I ) bdcpth2(2) Ibdepth2(4))/3

if(lhdcpth2(4) At. 1 .0) theni
1)dcp~tli2(4) --(bcdpth12( 1) bdepth2(2) b deptl12(3))/3

endif,

q dill' he.adb 2(1 1) - last bin 1  dbin (I
ifi(q difi'. n. 0) then

got() 60

ic2 i2 I I

dt - eiadb 2(2) - last t
last t headlh 2(2)

write(3, * ) (ti=n2(i), i1, 7), hcadh 2(2), (it

do 50, k -- 1, numbns )11

read( I, 400, end 90, err 90)
50 continue

400 forni,,at(70x)

goto 40

60) continue

iFl(ic2 .gi. 0) goto 70
tinie tinie2

heada I heada 2
hdepth I hdepth2
headtb I ie-adh) 2
last I. heudlb 1(2)

headb 1( I) hecadb (l) I( 1)(1
hcadh 1(3) lcivdh 1(3) 1(In
headb 1(4) lieadb 1(4) de(I
hemll1) I(5) (headlh 1(3)**2 Ihc.adb 1(4)**2)**0.5
licadh) ](11) hcadlb I(I) I dbin (I
headhl 1(12) headb) 1(12) 1 dtop (I
hicadb 1(13) hcadlh 1(13) 1 dbini q

ic 0



goto 20

70 continue
call clearscreen
ic -- 0
bin--total =heiadbl ( I I)
ni total headb_ 1(3 )
e total -- hcadbl_(4)
1_total li eadblI(I )
topbtm2(1I) =headb_2(12) - headb_ ( 12)
topbtrn2(2) =headb__2(13) - ficadbl1(13)
rewind (3)

80 continue
ic ý.-ic4 1
read( I, *, end-90, cri-90) deptl12(ie), vel niag2(ic),

1weli dir1n2(ic), cas t . vel2(ic), north _vel2(ic), veiltvcl2(ic),
I-error vcI2(ic), db__12(ic), db_22(ic), db _32(ic), db_42(ic),
4-per good2(ic), dischargc2(ic)
it~ic It. nuini bins) then.

goto 80
endil'

0c - ic2
ic4 I
do 85 k I , Wc2
topbtn13 (tophtin 1 *ic3 + top~l)tifl2*ic4)/(jc3 4-A4)
ens* nuni3 -(ens_.nutnl*ic3 I- ens_ num2*ic4)/(ic3+ic4)
heada 3 (headal -- *ic3 Iheada ?2*ic4)/(ic34 ic4)
bdepth , (bdepthlI *ic3 f bhdepth2*ic4)/(ic3 I ic4)
headb (hiefdb I *jc3 .4 hcadb _2*ic4)I(ic3 I ic4)
depth3 depth I
vel - nag3 -- (vel maglI*ic3 Ivel rnag2*ie4)/(ic3-1icA)
vel dirn3 -(vel diri] *ic3 -1 vel dirn2*ic4)I(ic3+ic4)
cast vel3 (cast vell*ic3 Ieast vel2*ic4)/(ic3-iic4)
north vel3 - (north veil I*ic3 A noilth vel2* ic4)/(ic3±iic4)
veil vel3 -(vert vellI*ic3 + vert vcl2*ic4)/(ic3 I ic4)
error vel3 (error ve~l I*jc3 I cri'oI v012*ic4)/(ic3±-ic4)
db -13 (db -_I I ic3 4 db_ 1 2*ic4)/(ic3 I Ac)
db 23 (db 21 *ic3 U db 22*ie4)/(ic3i Ac)
db _ 33 (db_ 31 *ic3 Idb 32*ic4)/(ic3 I ic4)
db 43 (dt) 41 *ic3 -db_42*ic4)/(ic3Ai-A)
per good3 - (per goodlI*jc3 I per _,ood2*ic4)/(ic3+ic4)

read(3, *) (tirne3(ik), ]k - 1, 7), headb 3(2), dt0
1)infI 0
do i 1, nuni bins
discharge3(i) ((hieada 3(6)*norlh _ve13(i))-.(hcada 3(7)*

I cast vel3(i)))*(b~in i-%ze/I 00)*units*dt



if(abs(discharg, '3(i)) It. 10000) thenIbin -q -discharge3(i) + binq
endif

enddo
headb _3(1 1) =binq d- bin total
headb_3(3) -heada_3(7) * dt in- total
headb -3(4) -heada_3(6) * dt 4 e --toi~l
headb -3(5) (headb_3(3)**2 + hcadb_3(4)**2)**0.5
headb -3(1 ) =((heada__3(7)*dt)**2 + (heada_3(6)*dt)**2)
4.**0)5 +1 Itotal
headb 3( 12) topbti3( 1) + 1,ast__top
licadb 3(13) = topbt113(2) + last_btrn
write(2, 200) (time3(i), i=1, 7), ens nun13, (heada-3(i), iH, 13),
+(bdepth3(i), i=1, 4), (headb_3(i), M~, 19), label4
doj-l, nuinibins
write(2, 300) depth3o~), vel inag3o(), vel dirr'3 ), east vel3 U),
Inorth-vel3(j), vert vel3(j), error vel3(j), db) 13(j). dib23(j),

+ db33(), h43j),pergood3(j), discharge3(j)
enddo,
ic3 -iC3 -l I
ic4 -ic4 A- I
print *, 'ensemble no. ',ens_numt3,' has been fixed'
I1total headb3( 1)
n-total =headb_3(3)

e-total =headb_3(4)0

bin -total headb.3(1 1)
last --top headb _3(12)
last -btm headb 3( 13)

85 continue

dl -I total - headbl(1l)
dn - n total - hceadb_1(3)
de = e total - headb_ 1(4)
dbin q bin total - headb 1(11)
dtopq headb_3(I2) -headb) 1(12)
dbtrtnq --- eiadb _3(13) - headb I(13)

headb 2(l)- headb 2(1)A- dl
headb 2(3) - headb 2(3) -1 dn
headb_2(4) =headb_2(4) +i de
headb_2(5) = (headb-2(3)**2 + hecadb_2(4)**2)**0.S
headb 2(1 1) == headb-2(l 1)4- dbin_ q
headb-2(12) - headb_2(12) 4- dtopq
headb_2(13) headb-2(13) 4- dbtmnq

time]1 = tiaic2
enis-numnI = ens --num2
heada_ I hcada_2
bdepth I bdepth2



rS

headb I hcadb 2

dept hi depth2
vel mag1 vyl mag2
vel dirn I vel dirn2
east veil cast vci2
north vel I north ve12
vctt veil vIeir vel2
error vcil error vel2

db II db 12
db 21 db 22
db 31 db 32
d 41 db_42
per_ good I pergood2
discharge I discharge2
last __t hcadb 1(2)
ic2 0

QV goto 35

90 continue

end

c ----------- I-----------------------------------------------------------

subroutine clearsercen
do k 1,25

write(*, f) 6
enddo
enid

,Ci i
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APPENI)IX 1)

(PSQ Version 1.0: User Manual

INTRODUCTION

']'his nmanual describes version I of a program designed to utilise data firom an external 0

I)iffierntial Global Positioning System to re-calculate river discharges measured using an RDI

instruments AI)CP.

The source code for the computer program is written in FORTRAN and is listed in 0

Appendix 11. An executable version of the code is contained on a MS-DOS formnatted disk,

labelled "GPSQ Ver 1.0". The program will run on most IBM compatible P.C.s. This progrtn

may be fieely copied, but the source code may not be distributed to other parties. The author

accepts no responsibily:v or liability resulting from the use oftthe program.

INSTALLATION

To install (GPSQ ver I.0) onto your hard drive, insert the diskette provided into the a: drive
0

of your machine and type a:\install. A directory named GPSQ will then be created on your hard

drive, the program files will then be copied into this directory,

RIJNNIN(G 'liIE PROGRAM

Run the programn by typing GPSQ at the command prompt in the GPSQ directory. A title
screen should then be displayed, press ENTER to continue. The program then runs through the

following stages:

(I) The user is prompted fbr the name of the ADCP and Navigatior, (GPS) data tiles, S

if the files are not in the current directory then a path must be specified. Sample

data files; Ai)CP.)AT arnd G(PS.DAT, are contained on the installation disk.

49k



(2) The user is asked to input a name for the final discharge data output tile. If no

path is specified, the file is put placed in the current directoiy.
0

(3) A menu is displayed on the screen, giving options for data output units, choose

from either English units (fl, ft/s, efis) or SI units (m, mis, cumecs).

(4) A second menu is displayed, asking the user to input a choice for the method to

be used for top layer velocity esthiation, either "power" or "constant".

(5) A 'depth calculation options' menu is displayed, either ADCP beam depths or

FATHOMETER data can be chosen. At present the fathometer depth data option 6

is not available, and if choosen an c--•r message to this aftfct will appear.

(6) The program prompts the user for the ADICP beamn angle (in degrees). If this

information is uknown, it can be determined by pressing F9 in the RDI

PLAYBACK program.

(7) The program asks for the local magnetic declination in degrees, if not already •

corrected for in the ADCP configuration file.

(8) A bottom track declination is then displayed on the screen. The bottom track

declination is equal to the average directional difference between the bottom track

data and GPS data. Ilit ENTER to continue

(9) A power-law co-efficient is then required by the program, a value of 0. 1667 is H
recommended for most applications, for more information see Chen, (1991).

(10) There is then a short delay whilst the program processes the velocity data. A menu

is then displayed asking the user whether or not the require the near shore

discharge calculation option.

(11) The final results of the discharge calculation are then displayed on the -icreen in

terms of total discharge, total area, average velocity.

(12) During the program two files are created, a velocity data file and discharge data

W , waf
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file. Thc format of thesc tiles are described in the main body of this report.
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APPENDIX E

ADCPFII,L: User Manual

0

INTRODU(TION

SThis manual describes a program designed to fill in missing data tiom processed Ai}Cl3

data tiles, in the RI)l TRANSECT program tbrniat.

The source code tbr the computer program is written in FORTRAN and is listed in

Appendix C. An executable version of the code is contained on a MS-DOS formatted disk,

labelled "ADC11FI"". The program will run on most IBM compatible P.C.s. This program may

be tieely copied, but the source code may not be distributed to other patties. The author accepts

no responsibility or liability resulting firom the use of the program.

INSTAILATION 6

To install AI)CPFILL onto your hard drive, insert the diskette provided into the a: drive

of your machine and type a:\install. A directory named ADCPFILL will then be created on your

hard drive, the program files will then be copied into this directory.

RUNNING 'I'iiiF PROGRAM S

Run the program by typing ADCliFIi., at the command prompt in the ADCPHFIIL

directozy. A title screen should then be displayed, press ENTElR to continue. The program then

runs through the ibliowing stages:

(1) The user is prompted for the name of the processed ADCP data tiles, if the files

arc not in the current directory then a path must be specified. •

(2) The program then processes the AIC'IP file, checking fbr bad ensembles. The

numbers of any had ensembles are displayed on the sekeen at this time.

Ant,
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(3) A new ADCP data file, CLEAN.OUT, with all bad or missing data segments filled

in is produced in the current working directory.

0-
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